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lnterteukliv4 Receptors 




The present ifwention lelaies generally to cytokine receptors and. more specifically, to lnterleukin-4 

r606ptors. . . 

lnterleul(in-4 (IL-4. also known as B ceU stimulating factor, or BSF-1) was originally charactenzed by its 

ability to sOmulate the proliferation of B cells in response to tow concentrations of antibodies directed to 
s surface immunoglobulin. Mote recently. IL-4 has been shown to possess a far broader spectrum of 

biological acfiwiSes. including growth co-stimulation of T cells, mast cells, granukjcytes. megakaryocytes. 

and erythrocytes. In addition. IL-4 stimulates the proliferation of several IL.2- and IL-3-dependent cell lines. 

induces the expression of class II major histocompatibinty complex molecules on resting B cells, and 

enhances the secretion of IgE and IgGi isotypes by stimulatBd B cells. Both murine and human IL-4 have 
10 been definitively characterized by recombinant ONA technology and by punfication to homogeneity of the 

nature! murine protein (Yokota et al.. Proe. NatL AcaA Sel. USA 53:5894.1986: Noma et al.. Nature 

3/9:640.1986: and Grabstein et al.. J. Exp. Med. /e3:i405. 1986). 

The biotogical activiiies of IL-4 are mediated by specific cell surface receptors for IL-4 which are 

expressed on primary cells and tn vitro cell lines of mammalian origin. IL-4 binds to the receptor, which 
;s then transduces a biological agnal to vartous immune effector cells. Purified IL-4 receptor (IL-4R) 

compositions will therefore be useful in diagnostic assays «br IL-4 or IL-4 receptor, and in raising antibodies 

to IL.4 receptor lor use in diagnosis or therapy. In addidon. purified IL-4 receptor compositions may be 

used directly in therapy to bind or scavenge IL-4. providing a means for regulating the biotogical activities 

of this cytokine. ^ . . ^ . . 

ao Although IL-4 has been extensively characterized, little progress has been made in charactenang its 
receptor. Numerous shJdies documenting the existence of an IL-4 receptor on a wide range of cell type* 
have been published; however, structural characterization has been limited to estimates of the molecular 
weight of the protein as detennined by SDS-PAGE analysis of covalent complexes fomned by chemical 
cnsss-linking between the receptor and radiolabeled IL-4 molecules. Ohara et al. (Afatiro 326:537. 1987) 
25 and Park et al. (Proc. Natl. AcaA Sd. USA 64:1689. 1987) first established the presence of an IL.4 
receptor using radioiodinated recombinant murine IL-4 to bind a high affinity receptor expressed in tow 
numbers on B and T lymphocytes and a wide range of cells Of the hematopoietic lineage. By affinity cross- 
linking ^l-IL-4 to 1L-4R. Ohara et al. and Park et al. Identified receptor proteins having apparent molecular 
weights of 60 000 and 75.000 daltons. respectively. It is possible that the smafl receptor size observed on 
30 the murine cells represents a proteolytically cleaved fragment of the native receptor. Subsequent experi- 
ments by Park et al. U Exp. MeA f 66:478. 1987) using yeast-derived recombinant human IL-4 radiolabeled 
with '»l showed that human IL-4 receptor is present not only on cell lines of B. T. and hematopoietic cell 
lineages, but is also found on human fibroblasts and cells of epithelial and endothelial origin. IL-4 roceptore 
have since been shown to be present on other cell lines. Including CBAN splenic B cells (Itokapma et aI...A 
35 immimoL 139:774. 1987). BurWtt lymphoma Jijoye cells (Cabrillat et al.. Biochem. & Blophys, Res. 
Commun. 749:995. 1987). a wide variety of hemopoietic and nonhemopoietic cells (Lowenthal et al.. J. 
Immunol. ;40:456. 1988). and murine Lyt-2-.13T4- thymocytes. More recently. Park et al. (UCLA Sym- 
posia. Jl Cell Biol., Suppl. 12A 1988) reported that, in the presence of sufficient protease inhibitors. '»I-IL- 
4-bindii« plasma membrane receptors of 138-145 kOa could be identified on several murine cell lines. 
40 Considerable controversy thus remains reganfing the actual size and stwchire of IL-4 receptors. 

Further study of the strocture and biological characteristics of IL-4 receptors and the role played by IL-4 
receptors in the responses of various cell populations to IL-4 or other cytokine stimulation, or of the 
m^hods of using IL-4 receptors effectively in therapy, diagnosis, or assay, has not been possible because 
of the cfifficulty in obtaining sufficient quanlilies of purified IL-4 receptor. No cell lines have previously been 
45 known to express high levels of IL-4 reoeplora consthitively and continuously, and in ceU Unes known to 
express detectable levels of IL-4 receptor, the level of expression is generally nmited to less than about 
2000 receptors per cell. Thus, efforts to purify the IL-4 receptor molecule for use in biochemical analyas or 
to clone and express mammalian genes encoding IL-4 receptor have been impeded by lack of purified 
receptor and a suitable source of receptor mRNA 
so The present invention provides DNA sequences encoding mammalian lnterleukin-4 receptore (IL-4R) or 
subunits thereof. Preferably, such DNA sequences are selected from the group consisting of: (a) cONA 
clones having a nucleotide sequence derived from the coding region of a native 1L-4R gene: (b) DNA 
sequences capable of hybridizafion to Ihe cDI^ ctones of (a) under moderately stringent conditions and 
vrhich encode Wolo^cally active IL-4R molecules; and <c) ONA sequences which are degenerate, as a result 
of the genetic code, to the DNA sequences defined in (e) and (b) and which encode biologically active IL- 
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4R molecules. The present invention also provides recombinant expression vectors comprising the DNA 
sequences defined above, recombinant IL-4R molecules produced using the recombinant expression 
vectors and processes tor producing the recombinant IL-4R molecules using the expression vectors. 

The present invention also provides substantially homogeneous protein compositions oamfm^ 
5 mammalian IL-4R. The full length murine molecule is a glycoprotein having a moleoj^ Tl^'L**^ 
"aTtSo to about 140.000 M, by SOS-PAGE. The apparent b»,ding affinity (K ) tor COS Jansfected 
with murine IL^ receptor clones 16 and 18 from tt^ CTU ^^AUt^js 1 to 8 x ^'J^^^'l'^^^ 
cells transfected with murine IL-4 receptor clones 7B9-2 and 7B9-4 from the munne 7B9 library is 2 x 10 
to 1 X 10"» M-'. The mature murine IL-4 receptor molecule has an N-temiinal ammo acid sequence as 
,0 follows: IKVLGEPTCFSOYIRTSTCEW. _ » ,,nnnn =nH 

The human IL-4R molecule is befieved to have a molecular vneight of between about 110.000 and 
150 000 M, and has an N-terminal amino add sequence, predicted from the cDNA sequence and by 
analogy to the biochemically determined N-terminal sequence of the mature murine protein, as follows: 
MKVLQEPTCVSDYMSISTCEW. 

The present invention also provides compositions for use in therapy, diagnosis. Msay of IW receptor, 
or in raising antibodies to IL-4 receptors, comprising efl&cliye quantities of soluble receptor proteins 
prepared according to the foregoing processes. Such soluble recombinant ^f>^' "^'^"^ 
SSS p^lns therein regions of the receptor molecule not required for IL-4 birullng ^^^^ been detete± 
These and other aspects of the present invention will become evident upon reference to the following 
deSTed description and attached drawings. The im^ntion will now be described by way of example with 
raferanca to ttio accompanying drawings, in which: . * 

Roure 1 s^^ows restJcSn maps of cONA clones containing the coding regions (denoted by a bar) of 
the murine and human IL-4R cDNAs. The restriction site Ecoffl. Pvull. Hinc II and Ssf I are represented by 

'^^Roures^aT-rdepiW tti^^^^^^^ and <lerived amino acid sequence of the coding region 

of a murine IL-4 receptor, as derived from clone 789-2 of the 7B9 library. The N-temilnal Isoleuane of the 
mii.r;r7Ji VSSated amino add number 1. The coding region of the full-length membrane-bound 
o^Z C Clone 7i9-2 is defined by amino acids 1-785. The ATC codon specifying the -soleucine 
^r^Z SSnstitoting the mature N-terminus is underlined at position 1 of the Proteiris^ence: the putj^ 
?isSiembrane r4ion at ar^ino acids 209-232 Is also underlined. The ^^"'^^f 

7Bft4 and Clones CTLL-18 and CTU-IB of the CTU. 19.4 library are Identical to that of 789-2 
ex^pt L SoS CSdlnJ^n of CTIL-16 encodes a membrane-bound IL-4.bind.ng receptor defined 
by aSinI acids -25 thmugh 2S^0ncluding the putative 25 amino acid signal pe^de sjjuer^^but s 
followed by a TAG temiinator codon (not shown) which ends the open reading frame. The nudelc acid 
,5 sequence indicates the presence of a splice donor site at this position fn^icat^t by an armw m RgureJ 
and a splice acceptor site near the 3 end (indicated by a second anrow). suggesting ^TTX-l 6 was 
^riv^ Jom an ur^pliced mRNA intem,ediatt. Clones 7B9-4 and CTLL-18 encode ammo acids 23 through 
igrSd -25 tJ^ugh 199. respectively. After amino add 199. a ll4^»se pair Insert Odentical in b«th ctones 
Zl Sown by Topen box in7igure 1) introduces six new amino adds, followed by a termination codon. 

40 This form of the receptor is sohible. „ni^\tn>ic\r whirh is 

Rgure 3 is a schematic illustration of the mammalian high expression plasmid pCAV/NOT. which is 

described in greater detail in Example 8. _ ... 

^ures 4A.C depict the coding sequence of a human «L^,receptor cDt^ ^^^^^^^'^"^ 
was obt^ned from a cDNA library derived from the T cell line T22. The predicted ig-termmal methionine of 
4S the mature protein and the transmembrane regton are underlined. 

Rgures SA-B are a comparison of the predicted amino add sequences of human (top line) and 
murine (bottom line) IL-4 receptor cDNA clones. 
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As used herein, the temts -IL.4 receptor" and •IL-4R- refer to proteins having ammo add MQuencM 
whidv are substantially similar to the native mammalian lnterieuldn-4 receptor amino add sequence 
disclosed in Rgures 2 and 4, and wftich are biologically active as defined betow. in that they are caiMbte of 
b Sg InSrlSr^ (lL-4) molecules or transdudng a biological signal Initiated by ai, IL-4 rnoleculeWndi^^ 
to a cell, or cross-reacting with anti-IL-4R antibodies raised against IL-4R from natoral O-e.. nof,recombmafl« 

souroes. The native murine IL-4 receptor molecule is thought to ^:»'^^^Pf:2:L« ^^J^ n^^ S^^^^ 
SDS-PAGE of about 140 Wlodaltons (kOa). The terms -IL-4 receptor- or •IL-4R- Indude. but are not limited 
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to analogs or subunits of native proteins tiaving at least 20 ammo acids and which exhibit at least some 
biological activity m common with IL-4R. As used ttirougfwut the specification, the term "mature" means a 
protein expressed m a form lacking a leader sequence as may be present in full-length transcnpts of a 
native aene Vanous bioequivaient protein and ammo and analogs are descnbed in detail below. 

The term "substantially similar." when used to define either amino add or nucleic aad sequences, 
means that a particular subiect sequence, for example, a mutant sequence, vanes from a reference 
sequence by one or more substituhons. deletions, or additions, the net effect of which is to retam biological 
activity of the IL-4R protein. Alternatively, nucleic acid subunits and analogs are "substantially similar" to 
the speafic DNA sequences disclosed herein if: (a) the DNA sequence is derived from the coding region o 
a natiTe mammalian IL-4R gene; (b) the DNA sequence is capable of hybridization to DNA sequences of (a) 
under moderately stnngent conditions and which encode biologically active IL-4R molecules: or DNA 
sequences which are degenerate as a result of the genetic code to the DNA sequences defined in (a) or (b) 
and which encode biologically active IL-4R molecules. Substantially similar analog proteins may be greater 
than about 30 percent similar to the corresponding sequence of the native IL-4R. Sequences having lesser 
degrees of similanty but comparable biological activity are considered to be equivalents. More preferably, 
the analog proteins will be greater than about 80 percem similar to the corresponding sequence of the 
native IWR in which case they are defined as being "substantially identical." In defining nucleic aad 
sequences, all subject nucleic aad sequences capable of encoding substantially similar ammo aad 
sequences are considered substantially similar to a reference nucleic acid sequence. Percent similanty may 
be determined, for example, by companng sequence infonnation using the GAP computer progr^. version 
60 available from the University of Wisconsin Genetics Computer Group (UWGCG). The GAP program 
ufiBzes the alignment method of Needleman and Wunsch (J. Mol. Biol. 48:443. 1970). as revised by Smith 
and Waterman {Adv. Appl. Math. 2:A82, 1981). BrieHy. the GAP program defines similanty as the number 
of aligned symbols (i.e.. nucleotides or amino acids) which are similar, divided by the total number of 
symbols in the shorter of the two sequences. The preferred default parameters for the GAP program 
include- (1) a unary comparison matrix (containing a value of 1 for identities and 0 for non-identities) for 
nucleotides, and the weighted comparison matrix of Gribskov and Burgess. Nucl. Acids Res. f 4«745. 
1986 as described by Schwartz and Dayhoff. ed.. Atlas of Protein Sequence and Strueture. Nationa^ 
Biomedical Research Foundation, pp. 353-358, 1979: (2) a penalty of 3.0 fbr each gap and an additional 
30 0.10 penalty for each symbol in each gap; and (3) no penalty for end gaps. 

-Recombinant" as used herein, means that a protein is. derived from recombinant (e.g.. microbial or 
mammalian) expression systems. "Microbial" refers to recombinant proteins made in bactenal or fungal 
(eg yeast) expression systems. As a product, "recombinant microbial" defines a protein produced in a 
microbial expression system which is essentially free of native endogenous substances. Protein expressed 
as in most bacterial cultures. e.g.. £ coll, will be free of glycan. Protein expressed in yeast may have a 
giycosylation pattern different from that expressed in mammalian cells. 

"Biologically active." as used throughout the specification as a characteristic of IL-4 receptors, means 
that a particular molecule shares sufficient amino acid sequence similarity with the embodiments of the 
present invention disclosed heroin to be capable of binding detectable quantities of IL-4. transmitting an IL-4 
40 stimulus to a cell, for example, as a component of a hybrid receptor ojnstruct. or cross-reacting with ant-lL- 
4R antibodies raised against IL-4R from natural (i.e.. nonrecombinant) sources. Preferably, biologically 
active IL-4 receptore within the scope of the present invention are capable of binding greater than 0.1 
nmoles IL-4 per nmole receptor, and most preferably, greater than OS nmole IL-4 per nmole receptor in 
standard binding assays (see below). 
45 "DNA sequence" refers to a DNA molecule, in the forni of a separate fragment or as a component of a 
larger DNA construct which has been derived from DNA isolated at least once in substantially pure form. 
i« free of contaminating endogenous materials and in a quantity or concentration enabling identificBtion. 
moiipulalion. and recovery of the sequence and its component nucleotide sequences by standard 
biochemical methods, for example, using a cloning vector. Such sequences are preferably provided in Uie 
form of an open reading frame unintemipted by internal nontranslated sequences, or Introns. which are 
typically present in eukaryotic genes. Genomic DNA containing the relevant sequences could also be used. 
Sequences of non-translated DNA may be present s' or 3 from the open reading frame, where Ihe same 
do not interfere with manipulation or expression of the coding regions. The sequences are preferably at 

least 60 bases long. 

"Nucleotide sequence' refers to a heteropolymer of deoxyribonucleotides. DNA sequences encoding 
the proteins provided by this invention can be assembled from cONA fragments and short oligonucleotide 
linkere. or fn>m a series of oygonudeotides. to provide a synthetic gene which is capable of being 
expressed in a recombinant transcriptional unit 
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* ^f««« «o^tnr- rftfers to a reolicable ONA constru^sed either to amplify or to 

l^Z, M sSierW clM^d Itim ll.e mp«M«d recombiriart urotein to pt<wide a Bnal product 
gene to t)e expressed. 
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nr«««nt Invention provides substantially homogeneous recombinant mammalian IL-4R polypepti^s 
Sl,coss«ion. Tho OMW miTOl. «« J™" ilSTsiSpAeE 0( about 130-145 tStolalOns <yO» 

m paptKl. ma, also l» r.«tan. to ""^"^iZST^^iooflW*.™) in,n««>asa.,.. o. as 
be obtained by ««»»^"'°"9 .^^^*"f ,flj^ be covatently bound through reactive 
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produced by oliQonucleotide synthesis and figation or by s.te-spedfic •""«^«'^'''V;^.»^7^f„„'^^^^ 
Loo proJns (STbe produced in a homogeneous, reduced^arbohydrate term .n good y.eld us.ng yeas 
S^Sa^^Ttems. N-glycosylation sites in eukaryobc proteins are characterized by the anuno acd triplet 
^r^^^ A. is iy amino acid except P«,. and Z .s Ser or Thr. In this sequence^asparagjne 
5 XSes airchain amiJi group for covalent attachment of carbohydrate. Such a «tB -n e..m.na ed 
by subsfitudng another amino add for Asn or for residue Z. deleting Asn or Z. or inserting a non-2 ammo 
acid between A. and Z. or an ammo add other than Asn between Asn and A. .,^o « 

IWR derivatives may also be obtamed by mutations of IL-W or its subumts. An « 
reieiTed to herein, is a polypeptide homologous to IL-4R but which has an ammo aad sequence different 
,0 from native IL-4n because of a delelion. insertion or substitution. Uke most mammalian genes, mammalian 
STr^pto^ are presumably encoded by muW^xon genes. Alternative mRt^ constructs wh«:h «n t>e 
attributed to different mRNA spSdng events following transcription, and which share large 
^milarity with the cDNAs claimed herein, are considered to be within the scope of the present 

BioeqZvaient analogs of IL-4R proteins may be constructed by. for example, making vanous sutet.J> 
,5 tions oTresidues or sequences or deleting temunal or internal residues ""^^^^ 
biological activity. For example, cysteine residues can be deleted or replaced with ott«r ammo aads tt 
prev^ fomiation of incorrect intramolecular disulfide bridges upon renaturation. Other approaches » 
^tagenesis involve modification of adjacent dibasic amino add residues to enhance expression in yeast 
sysSis in which KEX2 protease activity is present Generally, substitutions should be '"f^e conservatively: 
20 S„ the most preferred substitute amino adds are those having physicodtemk^l 

those of the residue to be replaced. Similarly, when a deletion or insertion strategy is adopted, the potential 
effect of the deletion or insertion on biotogical activiiy should be considered. 

Subunits of IL-4R may be constructed by deleting temiinal or internal residues or sequences 
Particulariy prefened subunits indude those in whidi the transmembrane region and intracellular Joman o 
35 IL-4R are deleted or substituted with hydrophllic residues to facilitate secretion of the receptor mto the cdl 
culture medium, "me resulting protein is a soluble IWR molecule which may retain its abmty to bind IL-4 
Particular examples of soluble IL-4R indude polypeptides having substantial identity to the sequence of 
amino acid residues t^08 in figure 2A. and resWues 1-207 in Rgure 4A. 

Mutations m nucleotide sequences constnicted for expression of analog IL-4Rs must of course. 
30 preserve the reading frame phase of the coding sequences and preferably will not create complementery 
Lons that could hybridize to produce secondary mRI^ structures, such as toops or torpins. whid. wouW 
tersely affed translation of the receptor mRI^ Although a mutation site may be predetermined, it is nrt 
necessary that the nature of the mutation per se be predetemiined. For example, in order to selec^^ to 
optimum diaracteristics of mutants at a given site, random mutagenesis may be conduded at the target 
35 codon and ttie expressed IL-4R mutants screened for the desired activity. ^ 

Not ail mutations in the nucleotide sequence which encodes IL-4R will be expressed m the fina^ 
produd. for example, nucleotide substitutions may be made to enhance expression, pnmanly to avoid 
^ary structure toops in the transcribed mRNA (see EPA 75.444A. incorporated herein by ">tereno^), 
oTto prwide codons that are more readily translated by the seleded host e^.. the welWcnown £. coll 
40 preference codons for £. CO// expression. ^. , «.rf„-» 

IMutations can be introduced at particular tod by synthesiang oligonucleotides containing a mutant 
sequence, flanked by restridion sites enabling Hgation to fragments of ttie native sequence Following 
ligation, the resulting reconstmcted sequence encodes an analog having the desired ammo acid insertion. 

45 ASStiveiroHgwiucleo^ site-specific mutagenesis procedures can be employed to provide 

an altered gene having particular codons altered according to the substitotion. deletion, or .nsert|on 
required. Exemplary methods of making the alterations set forth above are disclosed by Walder et aljGene 
^133. 1986): Bauer et al. (Gene 37JZ. 1085): Craik (Bto Techniques. January 1985. J2-19): Sm* el ah 
{Genetle Engineering: Principles and Methods. Plenum Press. 1981): and U^. Patent 4518584 and 

so 4.737.462. which are incorporated by reference heroin. 
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Expression of Recombinant IL-4R 

The present invention provides recombinant expression vectors which include synthetic or cDNA- 
derived 01^ fragments encoding mammalian IL-4R or bioequivalent analogs operably linked to suitable 
transcriptional or translational regulatory elements derived from mammalian, microbial, viral or insed genes. 
Sudi regulatory elements include a transcriptional promoter, an optional operator sequence to control 
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'''^DNA'Xences encoding .ammanan .L-4 receptors which to 

Sfaphy/ococci/s. although others may also be employed as a "'«tter of choice^ 
40 Useful expression vectors tor l«cterial use can compnse "'"^ «2 jTSSweTSJ^ 

replication derived from commercially available plasmids compnsing 9«"«f ^'^Tf^^^L ^ ^wSS 
»Jter DBR322 (ATCC 37017). Such commercial vectors include, for example. pW^a 
?pZ!Jf^ne1LTrLirijK^ and pGEMI (Promega Biotec. Madisor,. Wl. USA). These 

« ex^ed 1 c^is t^cally transformed using derivatives of pBR322. a plasmid denved from an £co/« 
(BoK;^ « l!?^Se ^95.19^^ PBR322 contains genes for ampicillin and tetracychne resistance 
and thus provides simple means for Identifying transfonned cells. -.i-ctamase 

EPA jo./ro, ana h ' , ^^jyl bactwial expression system employs the phage x Pl 

C6«tclm MO, lncon».«. <l.*««v» of Ih. V ^ P""™?; "''iS? ^S'" 

Racombnant ''-■*V P™'™ aicli as Htm Of (OlwveraiDCeS may 
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Suitable yeast transiormanon 7s-i929 1978 selecting tor Trp transtormants in a 

by vectors compri^ng the ADH2 promoter may ^ grown tor expre^on In a 
rich^irSnS^T^. yeast extract 2% peptone, and 1% glucose -^^^^"^-^^Z f^^^ 
M Sen^^^S ugml uracil. Derepression of the ADH2 promoter occurs upon e>tf»auston of rnedium 
fZZ S^J^eTsupernatants are harvested by nitration and held at 4- Cprtor^ 
^^So^WLalian or Insect cel. culture systems can t« employed to express ««rnbinantp«.«^^ 

or 3 flartdno nontranscrlbed sequences, and 5 or 3 nontranslated sequences, such as "scessaiy 
^ SLi^mrblng sSs a polyaSenylation site. sp«ce donor and acceptor sites, and transcnptona. 

'*^rLX'^"and translationa. control sequences in expression vectors to be used -^^'"9 
vertZtHSs may be provided by viral sources. For example, commonly used promoters aruJ enhance^ 
IL^vJ lrtm Polyoma Adenovinis 2. Simian Virus 40 (SV40). and human cytomegalovirus. DNA 

« «aJ?„^<^Sved Tm me^^ viral genome, for example. SV40 origin, early and late promoter 
rnS^STsp^ «Kl^lyadenylatlon sites may be used to provide the other genetic elements required for 
e«S;t?h^roC^ DNA sequence. ?he eariy and late promoters are particularly useh.. because 
S robleS e^ly from the virus as a fragment which also contah,s the SV40 vin. ongj, of repl«^on 
^.erert al Nature 27^M^, 1978). Smaller or larger SV40 fragments may also be used, provided me 

so ^S-^ii^ly aSTp sequer^ce extending fn^ the H/nd l.l site toward the Bgi I site located m the v,ra 
Z^7ZZ^\ included. Further, mammalian genomic .L^R P™-'^^ !^^/c2r^^^^^^ 
seLnces may be utilized, provided such control sequences are compatible wrth the f»« 
ZSSonal deJis regarding the use of a mammalian high exprBSSion vectors to ^'""^^^^^ 
J«r,Slian IL-4 .Bceptor are provided in Example 8 bekm. Exemplary vectors can be constructed as 

« disclosed bv Okavama and Berg [Mol Cell. Biol. 3-^80, 1983). 

A us2 is tor stebte high level expression of mammanan receptor cDNAs In C127 m^^^^^ 
mamn^ epiLal cells can be constnicted substantially as described by Cosman et al. (Mo/. Immunol. 
23:935. 1988). 
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^^.^IZTZ'^^^l^n.l be. deposl.d the ^c. Type Cu..re CoHeCon 
s (ATCC) under deposit «=;;«J°" '^"^^^^ ^ p^p^^ by cu.turing suitable host vector systems to 

systems se™.^ant P;;^- ^--.^n ^ 

,0 first cor^entrated using a commercially ^'^^^ me^c^^^^^^^^^ ^P''^" » * 

Milllpore Pellicon ultrafiltration unit ^«°'«"9 "l^^Sx^ c^,Si an IL^^ or lectin or antlb^^ 
suitable purification matrix. For example a sujabte ^"■JoTSSSe^i^^ be employed, for example. 

combinations, can also be employed to provide a L initial fixtraction from cell 

peKts. lollo«.d B, o» » more =°r"""";.„t,^rm^S^ (SlQ^ » .i"pl^ 

" ssr.,T "r:, SL-TS'^rr c^u. — • - 

components, .ncluding proteins, m amountt and of a ^^^'^ ^ ^ yeast pnskaryotic or 

EDTA. glutathione and other stabilizers and exapients^ ^ 

IWR compositions may be used to regulate the funct^n of 1^^^^°'^^^^^^ i^hits IW 
inhibits the proliferation of B cell cultures induced by IL-4 P/^^^* °'3^2c B^^ and inhibits IL-4 
ir^duced igei secretion by LPS-activated B cells as ''I'^^^^J^^ ^^'J^^ Induced 
induced la expression onmunne B ^tJana,^^^^^^ 

mediated by endogenously produced IL-4. 

cytolytic T hrmphocytes (CTL) in ^^^-J^giBB 7^^^^ ^entsTtoti; .L-2 and IL-4 are used 
tlZZZtZT:^ Ztr^^.i:^^VXX^on and are produced . such 
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in merapeuoc applications, a therapeutically effect«« quanttty of an lL-4 receptor composition is 
admirr ^0 a m/lal. preferat,.y a human, .n assodadon wuh ^ P-'a-ac^^jc^^^^^^^ or <.luent. 
The tollowng examples are offered by way of illustrabon. and not by way of hm.tat.on. 
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Binding assays for receptor 

4 RadiolBbeling of 11-4. Recombinant murine and human IL-4 were expressed in yeast and punfied 
A. HaaiomDeimg ^^^^ ^ al Proc Natl Acai ScL USA 84:5267(1987) and Park et ah. J. 

PunS p^ln SL^adlolabele^ using a commerdi^ly av«lable 

V ThS^H r R^swell Park Memorial Institute (RPMI) 1640 medium containing 2.5% (wv) bovine 
^^rLSlTsA 0 2^^^^ and 20 mM Hopes pH 7.4 (binding medium). The final pool 

r-HL^ w«Sd to a Lol7sS)ck solution of 2 . 10- M in binding medium and stored for up o 
1 mil 7/o^Zt\elJie loss of «K;ep.Dr binding activity. The specific activity « mutnely .n 

""^'Ttml rArr:.TS.r«nd.ng «»ay3 done with cells grown in suspen.on cul^. M^. 

CTLL L CTLL-19.4) were performed by a phMlate ^JJ^ ^^.^'^T^* ^ d PaST^ 
*ij>.7i?i 1984) essentially as desaibed by Park et al.. J. Biol. Chem. 267.4177. i»» ana rarn au 
luT k^ ^Tl^Z done on COS cells Iransfected with a mammalian expression vector 

"SJnirSSAT^ir^ .L-4 receptor molecule, ^or ^f^ Nc^f^^^^^^ 

rn<5 rAii^ wem transfected with plasmid DNA by the method of lojthman et al., Nuct. Aaas, wes. i /.i^w. 

M?CuS;iTa... J. 'Nat,, cancer Inst 4,:35i. 1968. ^^^a JSS'^frrcS^L^ 
vwe trypsinized. and reseeded in six well plates (Costar. Cambndge. f«IA) at a density of 1 ^ ^OS^ W 
^ptor'SJc^t»v«ll mixed with 5 X 1(f COS control b^nsfected ^^^^^^^^ 

^. 25 hindina at 4 C essential y by the method descnoed by ran< ex ai.. a. 

w minutes at 37 * C Drior to Separation of free and cell-bound murine ^^ml-A. 

'^'Z s^i^^PhlTaM^says. The ability of IL^ receptor to be stably adsorbed to n.tro««utose 
from ctetennnt extracts of CTLL 19.4 cells yet retain IL-4 binding activity provided a means of monitonng 

^^S^^mnJIi a« ota^ on dfv BASSCI nitrocellulose membranes (Schleicher and Schuell. Keene. NH) 
Z^,^T<i^C^eZ^^r^^ in tissue culture dishes for 30 minutes in Tris (0.^ m 
^S^2in^ (0 15 M) pH 7.5 containing 3% w/v BSA to block nonspecific binding sites. The membrane 
S^cSfeJL J* 4 X 10--' M '^HW in PBS * 3% BSA with or without a 200 fold molar excess of 
L^Se? S^al^inoil for 2 hr at 4-C with shaking. At the end jf J's J« --"^-es are 
washed 3 times in PBS. dried and placed on Kodak X^atTM AR film tor 18 hr at -70 0. 
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Example 2 




SeJectionoJCTLLcjHswj^ 

cytotox.c T cell fine (ATCC TIB 214). To obt«n •''Bj^rJ^'' '^^^^ recombinant murine 

is, were sorted using ''"''^'""'^^•^^^SJ^fJLS^ J'^^ .8 used to advantage 

(rmlW, in which the "^^'^^'^'^^^J^J^ «l-4 was 

by coupDng fluorescein hydraz.de to penodate °«d«ed «^g^ mo«nw ^ dtrate-phosphate 

prepared by combining aliquots of hyperglycosylated "Jj-jf 3^^,^ prepared in 0.1 M dtrate- 

IZr ph'5.5) With 30 a. of 10 -"^^^"^ ^JT^^^^ 

phosphate. pH 5.5 and the mixture mcul^ a * ^ fo^^f^f^;!^.^^^^ q.I M citrate^^hosphate pH 5.5. 
wrth 30 ul of 0.1 M glycerol and d.alyz«l ^^^l!""""^ * ^^^^^^ 

addition of 1^ (w-v) BSA and sterile filtratton. . pgg + qsa 

in order to sort. CTLL cells (5 x 10^) ««« '"^.^^Jto^ rjLre was then chilled to A'C, 

containing 1 x lO- 1. '^"^""^'^V-l^'BStd"^^^^^^ 
washed once in a large volume of PBS + 1 S*^^; ™" ,.o%) were collected in bulk and 

« instruments). The cells providing the highest level T single <S» c'"""^' b 

«,e populatton expanded Uj.^- ^ ri tiSuJ cSL micro«t^ P-ates at 1 ceH per 
fluorescence signal m the top 1.0% were sorrea mw 

^^rogress was monitored by doing binding a-V^ ^-^JiJ^-,^^ 
,0 Unsort^ CTU. cells (CTLL p^nt) ^VP'-^^'V 5 x ,0* to 1 x 

subjected to 19 rounds of F^CS «lectl«i. Thefi^^^ ^ ^p,^3^ 

approximately 400.fold more receptors on Its surface than does the CTLL pare i 



40 



45 



SO 



Examples 



Deteroent extraction of CTU cells 



• ►-•--H in RPMi 1640 containing 10% fetal bovine serum. 50 U/ml penicillin. 
CTLL 19.4 cells were mainlained in r^PMi 1640 <»«^"'"9 ^ to 5 x Itf cellsAnI in 

50 ug/ml streptomycin and 10 ng/ml of '^^'^^^^J.^^.^^^J^^-,^ o^^^ J^d «Kfimented at 2000 x g 
«,.ler bottles, harvested by ^'^'^'^''"f^ZZZ^JZ SJrw^added an equal volume of 
tor 10 minutes to form a P^^^^\^f^, iforTte^TitorsTz 

:or"^2n:vr^^^^^^ 

supernatant was either used immediately or stored a -70 C until use. 



ss 



Exampto 4 



11 



EP 0 367 566 At 

IL^ receptor punlication by lL-4 affinnv chromatography 




charactBHze human .L^. prolem obtaned ^^J'^^^ ^pSd to A^geJ^-lO (BioRad) acco«J.ng 
affit,.ly Chromatography. Recombinar,t munne or hi«nan 'L-^J^^ "T,?! mg.mi ,n 0.4 ml of OA M Hepes 

0 BSrasV^Lxlard. Greater man 95"', of mepro^^^^^^^^^^^ 

a final load of 1.3 mg IL-4 per ml 9»';^Glyar» eftylwte^ 0 , 

block any unreacted sites on the gel. The gel wasw^^J ^^^Sd Affigel® prepared as described 
Glydne^ia pH 3.0. A 0.8 x 4.0 cm P^^^^f^*** ^^^^^ purifiJat.(!. of murine IWR. 

(4.0 ml bed volume) and washed with PBS containing '^™°Dted Affiael* were incubated with »S- 

,s Alternatively. 50 ul aliquots of ^^^^'^^^ ^Z^J^rTL ge^ elec^rc^ 

cy5teme:meth.onine-labeled cell extracts 'or smalhscate ^^'^J' ^^ig^^ slowly applied to the 

Aliquots (25 ml) of detergent extracted '^-^ iquentially with 
murine IW affinity column at 4' C (now rate of ^ J -';j>:rrroTj^r^^^^^ NP^. 1% deoxycholate 
PBS containing 1% Triton® X-IOO. RlPA •'"J^'f^J^.J^^iVJ^TP aJd PBS with 1*^ Triton® X-lOO to 

.0 and 0.1% SDS). PBS contai-^ng f-l-^Tn^'^J^^O "S^ w« Sin efuL wim pH 3.0 glycine HCI 

remove all contaminating matenal except the '"'^-^R- Tte co^n containing 
buffer contain^g 0.1% Triton® X-100 to remove^e l^^^;;^^ ^T^tJs collected during the 
0.1% Tritone X-100. One ml fractions were collected for ^ . , H^pe,. pH 7.4. The 

wash, immediately following elubon. samples ^ n^^^-ed ^^^^^ above. 

25 presence of receptor in the fractions was deterted by f V^^J^'^^^^ J SDS-PAGE and the 

U --labeled .L-4 A.iquo« 

remainder frozen at -70 C unti use soi glycerol. 10% a-mercaptoethanol). The 

X SOS sample buffi»r (0.125 M Tns HCI pH 6.8 t^'^^J^^ TS^s applied to sample wells of a 
samples were placed in a boiling water bath for 3 "^^j^. ^^^'^^^ onLmmli (Nature 227iB80. 
30 ,0% polyacrylamide gel which was set "P fJrSS^S iTousHes^bed by Urdal et a.. (Proc. 
1970). Following electrophoresis, gels were silver stained as prBviou!.iy 

Natl. Acad. Sci. USA 8 1:. 6481 . 1984). iHentification by silver staining of polyacrylamide gels of 

PurificaUon by the «orego|ngpr«»ss P^^f^^'f'^^ ,,,, fractions exhibiting 

two mlL-4R protein bands averagmg Jl LtrLrface^teins of CTLL-19.4 cells were radiolabeled 
35 lL-4 binding activity. Experiments in which ''"'^^P^w suL^^ that these two proteins were 

and -M^ted receptor was purified by ^rS^^ roK'^rbands In^ed upon 

expiBSsed on the cell surface. The ratio of »^ '"^^^ 'J^ "^.^^^^^ possibly due to slow proteolytic 

40 both in solution and when adsorbed to nitrocellulose. 
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Sequencing of IL-4 receptor protein 



CTLL 19.4 mlL-4 receptor cont^nlng frac^ons from the -'^^^ ^fJJlpS^^ 
for amino tamiinal protein sequence analysis by fractionatrng on ^ ^DS^f .f^E f and^n^ 

J PVOF membrane. Prior to ""^^ J? .rf^^nTro'sS' S^^^^^ ^^-i ^the 

remove residual detergent from the afffn^ ^"""^^l^^J^^rZ^^ in a speed vac 

mlW affinity column from throe proparatlons wero "^-^"^ J^'X^J to pH 2 by the 

under vacuum to a final volume oM ml. 1^ ^^^^^^^^..T^X^l^ coluL (2.1 x 30 
addition of 50% (vAr) TFA and in,«Jed onto a I'^T^'^ ^^oTuS^rm^og on a Hewlett Packard 
mm) equilibrated with 0.1% v/v) TFA In » 'J^^^J S mIfStBS post Injectton. The 

Dtodel 1090M HPLC. The column was washed y»ith 0.1% TFA m tizu iw «i n 
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HPLG column containing 



5« bound protein was then developed «.ilh a gri 



as foitows: 



10 



Time 


^'o Acetonitnle m 




0.1 ^'o TFA 


0 


0 


5 


30 


15 


30 


25 


70 


30 


70 


35 


100 


40 


0 



20 



25 



30 



^'^Z.'lSZTSl HP.C run was eva^ted . ^^rJ^^^^^^^^^ 
Laemmli reducing sample buffer. P;«P^«- ^^^^T^^^^^^^ ^^t 45 mA un«. the dye front reacted the 
were applied to a 5-20^ gradient Ifn^'-SDS 9«' ^« „ described by Matsudaira J. 

bottom of the gel. The gel was men transfen^ l^SLT^Med In fractions from each of the three 
Biol. Chem. 262:10035. 1987. Staining bwete were dearly ice 

preparations at approximately 30.000 to -WjjOO Mr ^ ^ automated Edman 

T bands from P«>^~3 PVOF bjt^^^^^ 
degradation on an Applied Blosystems Wtodel ^^.^J"^^^!^ automatically injected and analyzed on line 

with an Applied Biosystems Mode ^20A "PLC uang 9 ^ ^^^^^ sequencing: NHj- 

manufacturer. The following ammo ^^^rjSTo-^^Mn^^ bands from the second preparation used 
lle-Lys-Val-Leu-Gly-Glu-Prc-Thr^ys-Asn-Phe-Sa^-As^^^^^^^ m ^^^^^^ 

for ^ino terminal sequencing were treated -«? CN^^^^J '^^^^^^^ residues. Sequencing of me 
internal methionine residues: 
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Cycle 


Residues 
Observed 


1 


Val. Ser 


2 


Gly. Leu 


3 


lie. Val 


4 


Tyr, Ser 


5 


Arg, Tyr 


6 


Glu. Thr 


7 


Asp. Ala 


B 


Asn, Leu 


9 


Pro, Val 


10 


Ala 


11 


Glu, Val 


12 


Phe. Gly 


13 


lie. Asn 


14 


Val, Gin 


15 


Tyr. lie 


16 


Lys. Asn 


17 


Val, Thr 


16 


Thr, Gly 



When compared with the proton 



sequences derived from clones 16 and 18 (see Rgure 2). the sequences 
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matched as follows: 

amino acid residues 137.154 and ^^''^'^jjJ'^ZLi a seouence derived from the clone vith position 9 
In addition, the ammo temiinal sequence matched a sequence oenveo 

"^^'ZTJ^'^P^ the conch^sion that clones 16 «h1 18 are derived Tom the message .or the .L.4 
receptor. 

Example 6 



20 



Svnmasis of hybrid-subtracted cDNA probe 

« .„ order to screen a lit,rarv lor .ones encodirj ;rors;^S'.dC^^^^^^^ ™- 
CDNA probe was ot,tained using a subtractive hybnd«^»i ^^Z^^ %pLLbI, ZOOO 
,«,ated from two s-milar '7^; « J'^ ^SicS^i^S rece^rs per celD. The 

receptors per cellj and the sorted ce I ''"eCTLL 19^ .JTn^ except for the relative level of 11^4 receptor 
mRNA content of the^ ^^''IJ' the mRNA of the sorted cell 
mRNA A radiolabeled single-stranded cONA P^P»'™^/^^ ^ 19.4 cells by a procedure 
„ne CTLL 19.4 by reverse Uanscnf on of J^Jj^^^^'J^J^^^^^ (Cold'spring Harbor 

similar to that described ^"^'f ^ Z^ls as deSbed by lyterch et al. {Nature 

Laboratory. New Yort<. 1882). Bnefly. po^yA mRNA P""^ ^ ° j ^ ^ rtmer. To obtain a 
3»5«41^7. 1985) and copied into cONA by '^^'^^^^'^l ^ cTmmol) w» used in a 50 ul 
high level of ^^P-labeling of the cONA.100 uCi of "P^f^'^JJ^T^^'^^? '^r 2 hours. EDTA was 
r^on with non^radioactive dCTP at 10 uNl ^^'T^Z^^zZ ^l^r^ the cDNA mixture 
added to 20 mM and ^^^^^.^^^^^^^^ (50,10) mixture 

at 68* C for 20 minutes. The 8.ngle^ed pJ^I S^Ta^eous phase was removed to a clean tube 
previously ^^V^I ^IiSi' 7n^0H to oTm tTcSna was then size-fractionated by 

SlCr"<^r6":Carn^ ".M NaOH and 1 .M EOTA to remove sm.. 

^"r'rexr^jsratod coNA^--rcrr^^ - ~ 

with an excess of mRNA from the unsorted parerte^ ?Ii^..!I^rt^^<?T rLspending in 16 ul of 
CTli 19.4 cells with 30 ug of polyA "^^RNA if'^J^ Tj^2Q^Tm^^^omAS from the 
025 M NaPO*. pH 6.8. 02% SDS. 2 ml^ EDTA cSlL cells form double 

sorted CTa 19.4 cells that are complement»y ^^'^^-^ninr^ded^^^^^ based on their 
stranded cDNA/mRNA hybrids. wh.ch ^ ^'^^.f ^^^^^S^^S 30 Snea of 0.02 f^ NaPO. pH 
different binding affinities on ^ydroxyapabte. The mb(ture vws ^ 

BM. bound to hydroxyapatite at '^""^"'P^'^J^ ^v S^af fSTe JJ5:541. 1984. Phosphate 
used to probe a cDN A library (as described below). 
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Example 7 



Synihesis ofcDNA library screemng 

. cONA ...a. -as consuucte. - -^--g l^jTS/S-'S^rP^ 

standard techniques (Gubler. et al- Gene ^" . ^ u^e single^ded 

Zecular a/otogy. Vol. .. 1987). After '««^^^«"^X^^^3:7Jl^^^^^^ 1 T4 ONA polymerase 

CDNA was rendered dooble-stranded "^^^fAJ^^^^^^ ^v^n the cDNA. and ligated to ecoR\ 

methylated with EcoR • methylase to P^^^^ etS^sTf^L all but one copy of the linkers at e«J 

.inkers. The resulting constructs were ^^^fj^^l^^ £cofl I cut and dephosphorylated XZAP* 

end of Oie cDNA. and ligated to an ««'""^^'=7„'^4apacX«, according to the manufacturer's 

arn,s and the resulting ligation m.x f«^^ ^ lneratin9 cONA libranes in X phage vectors are 

.nstructions. Other suitable methods and Approach. IRU Press. Oxford (1984): 

descnbed by Huynh et a... DNA ^'^"'"iJ^^f"'^^^^^ supra. x2AP« is a phage x 

Meissneretal.. Proa Nat/. Acad. Sc^ USA 84:41710^^^^^^ ^^^^ ^ pUCi9 

cloning vector similar to Xgtll (U.S. ^'^f J^J^-^T 

^NorrLer et al.. Gene 26ti0i. '98^- * b^^^^^ 2e supennfected with fl helper 

origin of replication pem^itt-ng ''"'"'y, °' 

ptege.ONAisexdsedintheformofaplasm.dcompnsmgme o g » Bluescript«. and 

Gi^acke is a sonicated£. coU extract used P«?.^^ 

gSS« are registered trademarks of used as a probe to screen the 

radiolabeled hybrid-subtracted ^""ilJ^S^f ^ density of 25.000 plaques on each of 20 
CDNA library. The amplified flbrary was plated °" ^f*^'"^^, .^^ons of XZAP® and excision of the 
,50 mm plates and incubated overmght 37 C _A manp stratagene 
Bluescript* plasmid were as descnbej byShort e ^ (Nact ^Jjj* ,dha prob^ hjm 

product literature. Dupficate plaque »«.«'*V„®'!,^^wb S X SSC. 5 X Denhardfs reagent and 10% 
Lample 6 in hybridization buffer '^o^;;^;:^'^^^^^^^ f^- ^-'^ Acad. Scl. (/SA7ft3e83. 1979. 
dextran sulfate at AZ' C for 48 hours f,*^;^^ ^j^'^^tJ^*,:- p were purified lor further analysis^ 
Filters were then washed at 68 C m O^x SSa S.xte^ posa e P^ ^ ^ ^ described by me 
Bluescript« plasmkJs containing me '^D'^^-^J*^ fnjm individual colonies, digested 

oianufacturer and transfom,ed into EjaH^ !SSho^^ SXd t% agamse gels. Four duplicate 
,5 wimEcofl I to release me cDNA inserts '^^^'^^^2B^t»6ts for analysis wim various probes 
gets were blotted onto nylon filters to produ^ 'J^.'^l^'S^iolabeled cDNA from CTLL 19.4 sorted 
Lch were (1) radiolabeled ^DNA from ur«or^ CTH^^Hs.^^^^^^ CTLL 
cells. (3) hybrid subtracted cDNA from CTLL '^^ "^^'^ ^^^ ^^'r^, uom an lL-4 receptor negative 
,8.4 sorted cells after a second rourid of '^^^f^^e .naeJng^en^'^'i 'or cDNA copies of mRI^ 
« mou« ceil line (LBRM 33 ;A5B6|. These P isolated from me library, four clones 

specific for me sorted cell line CTLL 19.4. Of the enrichment of me probe. 

(, 14. 16 and ,8) showed a panUiel '"^^ '"o^'teSS^i me isolated CTLL clones indicated me 
Restriction mapping (shown in Rgure 1) and DNA sfJV*"" 9 t,omologous open reading 

existence of at least two distinct •"«'^„f«P" ^f"'* "^^^^ homologous proteins w«h 

frames over most of me coding region yet d*vergeat me 3 ero. m ^ ^^^^^ 
different COOH-.em,inal sequences. ONA sequence ^^^'^"^^ ^J^JJ^ sequeLng of me purified IL^ 
code for protein sequence ma, is Wenttcal ^^"^"3^^ ^lone 18 were used as me prototypes for 

receptor described in more detail in E«««P^5 _Ctone 16 and done ^^^^^^ ^ ^^^.^ 

these two distinct message types. Clorie '^f^'^^'^lTlS^Zre 18 encodes a 230.amlno acid 
polypeptide which includes amino 'fS » ^ J' ^^^^ ^ me M-temilnus of clone 16 but diverge 

^^nr rurf^ri'tS"^^^^ ^O. eom ^nes were expressed in a mamm^an 
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eKpression system, as described In Example 8. 
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Expression of tL'4R in mammatian celts 




. Ex.ess.on . COS-. Ce«s. A 
denved from the mammalian high et al.. Nature 31^768. 1984. 

,988). POC201 .s a denvabve of P^^i^/^'^^'^^d at its multiple clonmg site (MCS) when 
pCAVNOT is designed to express cONA ' SV40 (hatched box) contains 

Lsfected into mammalian cells '"''T^^ enhancer sequences and 

SV40 sequences from <^'^^^'^\'':^'^f^Jl^Z *rJSSon of transcription from the early 
early and late P™™^'*"- "^^ enhancer reg«»« from human 
promoter is as shown by the arrow. CMV ^y Boshart et al.. Cell 4/:521-S30. 

^tomegalov.n.s (nucleotides -671 to *7 'fJ^J^P*^'^^^^ intron between the first and 

^85). The tripartite leader (stippled box) "^.^^^"^ part of the third exon of the 

second ««ns of the adenovin«-2 '^Pf ^^^f conSninfl^S TxhTl Z «• Sma I. Not I and Bgl II. 
tripartite leader and a mult.pte doning <»*^""^™J^^^^^ 2;7;:2533 L include the polyadenyla- 
pA (hatched box) contains SV40 sequence 412^00 JJ* 2 J« ,denovirus-2 sequences 10532- 
Bon and tennination signals for early ''''''J^"-^^^^^ by pBR322 sequences (solid 

,1,56 containing the VAl and VAll 9«"«1^^«^'9"^^ J?^ " ""^^^ and origin of replication. The 
line) from 4363-2488 and 1094-375 containing the ampicilbn resistance gene 

resulting expression vector was designated PCAV-NOT _ Bluescriot* plasmid by digestion with Asp 

inserts in done 18 and c«one 18 were to^ retold Jom B^="Pf J ^^^^ 
718 and Not I. The 35 to .nsert iHe SSTregion. The insert from done 18 was 

monkey COS-7 cells using DEAE-dextran followed by "''o^"'" ^gggj cells 

: ( J/. AC/ds Res. fni295. ,983) -^^-^^^S^ ^^S,'^' After 
were then grown in culture for three days to ^"^^^^'^^'i^ (as described In Example 1) 
three days, cell culture supematants and Ihe ceU monolayers were assay 

and lL-4 binding was confirnied. oyoraased in the mammalian CHO cell line by first 

B. Expression In CHO Cells. IL.4R was ^» J'J^lf J^qT vector as described in Example 
Hgating an Asp7iaNoflrestrtctiontragrnento(clor« 18^^^^^ , 

a' The PCAV.NOT vedor com^"^^ ^;,':S;';:"dTh;rd ^ rl^ (DHFR) cDNA seledab.e marter 
caldum phosphate method into CHO TT^'^^Sfr sequence enables methotrexate selection for 
under the control of the SV40 eariy P^^!!'- ^^J^'^S^ evens in sud, cells were selected 
mammalian cells harboring the P'«"^„°"^" ^f^^^^ ONA sequences are also amplified 

rthreranre^r^rs^^^ Sr -tSr:: of^.e .ansfectants secreted adK« sduble 

constttutively expresses EBV ""'^J*;^^,^^::^; /mmuni M^4314. 1989). a 

The expression vector was ^^''-^^^'^^Z^ot^ and allows high level expression In the 
derivative of pDC201. ^^J^J^^Z^^^^^ tvZ^r>Q the adenovirus major late promoter 
a 653-6 cell line. pHAV-EO-NEO Is derived P°f °J ^relative to the cap site of the viral mRIMA. 
With synthetic sequences fri>m HIV-I e«endingfrom * ^J"* p^Jter « also contains a Bgl II- 

and including the HIV-1 tar gene ""^^^'^^^ "^^^ TS/aTEO (Southern 8. Berg. . J. MoL AppL 

addition of a 5 temilnal nudeotlde ^^^J^^^^?^^^^^of CTGAGTQACCTTGG- 
which follows nucteotide 672 of Rgure 2A. and a 3 ^^'"^"'S^^ded T4 polymerase and sub- 
ss 3e6CTGCG6TGQT(^aAGAGCT_^^^^^^ tne 653^ c^l 

doned into the Sa/ 1 site of pHAV-K-NEO. TJ« ^ D^^er et al. (J. Immunol. 142:A3U, 

line by a modified Po'V^rene l^stectton me*od « de^^ ^^rsfedon id split at a ratio of 1:8 
1969) with the exception that the cells were trypslnized at z oays posi wan 
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Wins <J.n,ng 0, pooirt «.9««r «. "^SotlT^ 
ng.ml to 600 ng ml of soluble IWR protein. 



to 
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Expression of IL-4R in yeast cells 



sources: (1) a large Sph 1 (nucleotide 562) ° ' '""^^e LiiXu n ri.sterH» marker for selectlor. 
PBR322 (ATCC 37017). includino the ^^J^^^^^^ ^ ^Hf rXtion. A0H2 promoter and 
in £. colt. (2) S. cerewsiae DNA including ^ J^-J^"^J^-^^^l^^ encoding the secreted peptide o- 

(3, DNA encoding an 85 I^^^^^^^^ '^'^'^ P^^'""" 

factor (See Kutjan et al.. U.S. 'I'^.i:^^ This was achieved by changing the 

Polylnker- ^' 
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PBC120 also vanes from pVaHuGM t,y the ^^^e^K: «Son^^^^^^ J^^^Tser^t 

stranded phage » containing the origin of replication «^ ^^^^ of single- 

No, I site in the pBR322 sequence. The presence of ^ ' °3 °' J^^;^ and superinfeded 

stranded DNA copies of the vector ^'"^'^fli^^^ a basis Z in vitro 

with bacteriophage fl. which facilitates DNA sequBncing ^J^^.l^^^, the 3' end of the o- 
mutagenesis. To insert a cDNA. plXYl20 is f^^^^^^^J^'^^Zt ftTpolyBniter. The large 
factoT leader peptide (nucleotide 237) and. for example. eamH which '^ff^'^. "^r;' 
Sr S^meS?s then purged and llgated ^^.^J^NA f^gm^t e^^^^ 

To create a secretion vector for expressing mlL-4R. a ^DNA iragmeni enco h an 831 bp 

from the Btuescript® piasmid of Example 8 by digestion with '^P"™ ' . « 

idino frame 

fragment from the Ppum I site (see f=IQURE ) to an Sg/ " ^'Zm^'TLI^^^ 

S^nlng the mlL^ sequence minus the first two 5 cod«.s encoding ^^^^ed to *» 

With ASP 718 near the 3' end ot the .-factor ff'\^^^"'-^^'Z^^r^ , pair of synthetic 



mature mlL-4R. 
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abactor ptooessing — >| 

GTA CCT CTA GAT AAA AGA ATC AAG 

GA GAT CTA TTT TCT TAG TTC CAG 
val Pco Leu Asp Lys Arg He Lys 

i<— niU.-4n 



10 



The oOgonudeodde also included a change from the nucleobde sequence TQG ATA to CTA GAT which 
introduces a Xba I restriction site, without altenng the encoded amino aad sequence. 

The foregoing expression vector was then purified and employed to transform a diploid yeast strain of 
S cereWs/ae (XV2181) by standard techniques, such as those disclosed in EPA 165.654. selecting for 
tryptophan prototrophs. The resulting transfomtants were cultured for expression of a secreted mlL-4R 
protei^. Cultires to t>e assayed for biological activity were grown in 20-50 ml of YPO medium (1% yeast 
extract 2-. peptone. 1% glucose) at 37* C to a cell density of 1-5 x iOB celliml. To separate cells from 
medium, cells were removed by centrifugation and the medium filtered through a 0.45 a cellulose acetate 
filter prior to assay. Supematants produced by the transformed yeast strain, or crude extracts prepared 
from disrupted yeast cells transformed the plasmid. were assayed to venfy expression of a biologically 
active protein. 

Example 10 
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Isolatidn of hjll-length and truncated forms of murine IL-4 receptor cDNAS fro m unsorled 7B9 cells 

Polyadenylated RNA was isolated from 789 cells, an antigen-dependent helper T cell done derived 
from C57BL6 mice, and used to construct a cONA library in XZAP (Stratagene. San Diego), as descnbed in 
example 7. The XZAP library was amplified once and a total of 300.000 plaques were screened as 
described in Example 7. with the exception that the probe was a randomly primed =P-labeled 70O bp EcoR 
I fragment isolated from CTLL 19.4 done 16. Thirteen clones were isolated and charactenzed by restncdon 
dnslvsis 

Nucleic add sequence analysis of clone 7B9-2 revealed that it contains a polyadenylated tail, a puWive 
oolyadenylation signal, and an open reading frame of 810 amino adds (shown in Fig. 2). the first 258 of 
whidi are identical to those encoded by CTLL 19.4 clone 16. including the 25 amino acid P"tet.ve signa^ 
peptide sequence. The 7B9-2 cDNA was subcloned into the euKaryotic expression vector. pCAV/NOT. and 
the resulting plasmid was transfected into COS-7 cells as described in Example 8. COS-7 transfectants 
were analyzed as set forth in Example 12. ^ ^ ^ -.on l u 

A second cONA form, similar to clone 18 in the CTLL 19.4 library, was isolated from the 789 library and 
subjected to sequence analysis. This cDNA. done 789-4. is 376 bp shorter than done 7B9-2 at the 5 end. 
and lade the first 47 amino adds encoded by 7B9-2, but encodes the remaining N-temninal ammo acids 
23-199 On I=i9. 2). At position 200. clone 7B9-4 (like clone 18 from CTLL 19.4) has a 114 bp "Wertwhich 
changes the amino add sequence to Pro Ser Asn Glu Asn Leu fdlowed by a termination codon. The 114 
bp inserts, found in both done 7B9-4 and CTU 19.4 done 18 are identical in nudeic acid sequence, "nie 
fact that this cDNA fonn. which produces a secreted form of the lL-4 receptor when expressed in C05-7 
oeOs, was isolated from these two different cell lines indicates that it is neither a cloning artifact nor a 
mutant form peculiar to the sorted CTLL cells. 

Example 11 



55 



Isolation of hmnan IL-4 receptor cDf^ from PBL and T22 libraries by crosa-species hybridization 
Polyadenylated RNA was isdatad from pooled human peripheral blood lymphocytes (PBL) that were 
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10 



IS 



20 



35 



o..^ .V standard^. Pun«ca.on ^ we. ^ - - ^r"c^^ T:^^.^ 

techniques descnbed m example 7. A probe was J,, synthesis with reverse 

the 7^^ CDNA insert us.ng T7 RNA P«'V'"«'^«^„^ '"^f ^.^m cONA prot« was 

transcnptase us-ng random pnmers <B«»»'^^ger-Mannhe^m^ ^^^^^ SJ?^.de.0.4 M NaCI at 42' C. 
used to screen 50.000 the EcoR . .nserts 

followed by washir^ m 2 X SSC at 55 Jh«e PO^mw j ^^^^^ ^ 3^ 

subcloned into the Bluescript* plasm.d vector^^udeic ^^"^^"^J^JJsponding sequence of the 
Rb CDNA. indcated the done -^.^^"^^^ ^r^t^^^^ beti^no homotogy 
murine receptor. However, an insert of 68 tj. "'^^'"^^"3';^^^^ the predicted N-terminus of 
to the mouse .L-4 '-Pj-^^J^-^J^Xe p^f ^^^^ form 0. the receptor 

the mature protein, suggesting that done pbl i f™=°° stringent conditions) 

Nine additional human PBL clones were obtainedby ^T^^JT^^^Tib EcoR 1 cDNA insert). Two 
with a 3=P^abeled random^jrimed pmbe ^f^V'"^."^'^^^^ in PBL-1. but lack the 

of these clones. PBL-l. and PBL-5. span the ^.^"'^^'"^^ Tu, pre^S^ functional analysis by 
68 bp insert and do not extend fully 3 . as evidenrad by J!:^ ^ 5. ^H/nc M 

mammalian expression. In order to obtain a "'«^"«^ ^^.^^J,': ^^^^^^^ 

.ragment of clones PBL-lt and PBL-S were sepa«^ ? 3^5!/ ifdescribed in Example 8. 

and subcloned into the pCAVNOT expression vertw '"f '^^ ' !rB.5,pBL.1 DNA sequences have 
These c«m.ic human ^"J^^-^J^ d s'^^t S'l2. ^ese c"S«^cts were 
been termed clones A5 and B4. respective^, as gssay substantially as 

transfected into COS-7 c^J. as^^^^ p„tein which 

described in Sims et al. {Science 24>.5a5. 1988). bow "^p^ ^ sequence of the 

exhibited •L-4 binding activity. The nucleotide "^^^^ J^^^^^ with the 

composite A5 construct correspond to 

exception that a QIC codon encodes the amino acid V*" f P^^;""^"' pBL-l. PBL-S and T22-8. 
were'sequenced containedjhis change. T^e c«n^^^^^^^^ ^^^^ 

— r:^ r pr s ^ ^ '^'^ ' ' 

terminating. u..«-n t ppII Hons T22 (Acres et al., J.im munol. 138:2132. 

coming m. 68 DP i»wft. M "»«"> ""^^ I,™, e?»nl"> acids. lr«l«ling . 85 

V/NOT vector. TOs cDNA expression vector was designated hlL-4R.B. 



^ Example 12 
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Analysis and purificalion of IL-4 receptor m COS transfectante 




10 



IS 



30 



30 



Eouinbrium binding studies were conducted tor COS cells transfected with munne lL-4 receptor clo.«s 
?\flT^r» SiriS 4 librarv In all cases analysis of the data .n the Scatchard coordinate system 
™r •'/J^'^ai'scI^IJ^ 1949) V Jded a s^^ghtOne. 

SrtTreceptors for munne IW. For COS pCAV-16 cells the calculated apparem ^ J /^J 

V ,0^ fflMafic bindina sites per cell. A similar apparent K, was calculated for COS pCAV-i8 cells at 1.5 

between transfections. the binding affinities were generafly similar (1 k 10» - t x 10 iw ) ana «cn 
well with oreviously published affinity constants for lL-4 binding. ^.^te-tart wuti 

iZ«Srof -^MnlL-i binding to CTU cells by conditioned media from COS cells trarefected w^ 
ni,JS dcVpCAV^^^S orXvV^7B9-l was used to delem.ine if mese cDNAS encoded functonal soluble 

;d^rmjj.^?-^™^ 

;T^Lysis Tme diluton of pCAV-lS supernatant required to '""l-ll^^f "^^^^^ ^l^ v^n 
SmTted that approximately 60-100 ng,ml of soluble IW receptor has been ^'^^^^^^^^ ^°^'J"'st^" 
iS^Sd three days after translection. Similar results were obtained util.«ng supernatants from COS cells 

'^SrjnS'r^'^'^m COS cel. transfected with pCAV-18 or PCAV-7B9^ <- w"2 

« Z ZsJtiefi in Example 1C. or other similar cell free assays which may ubiize either 'f^'^ ^'^.^^ 
S^n found to bTcS< »l4 stimulated proliferation, but does not affect IL-2 driven 

ignlficantly smaller than molecular weight estimations from crosslinking shid|9S d««nljd ^^ P^^J^^J^ 
So Mea 166:476. 1987; J. Cell. BloL. Suppl. 12A. 198a Immunoprecipitebon of COS CAV^7B^2 cell 
« receptor showed a molecular weight of 130-140 kOa. «rnilar to the ^'^^J'^^ 

S Biol. Suppl. 12A. 1988. estimated to be the full length IW "''^^■J^^J'^'r'^, 
e^'m^ of c2^associated CAV-16 and CAV.7B9-2 IL-4 receptor have also been made based on cross- 
SiT^r-4 to^OS cells transfected with these cONAS. Heterogeneity 

ntfrSual clones can be partially attributed to glycosyteMon. TOs data, togetiier wi* ^^A Jf^f/^ 
56 ISSS. suSSs that the 7B9-2 cDNA encodes the full length cell-surface IL-4 receptor, whereas both 
7pq A and clone 18 reorcsent soluble forms of murine IL-4 receptor. . ^« ^ t 

studies were also done on COS cells transfected with hlL-4R contek«ng 
exp^Sni^rSTlhe two chimeric hum«, IL.4R molecules AS and B4 (defined In Example 11) were 
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•^il^ wrth an affinity of 3^ x 10' M- exhibiting 22 x 10* receptors per cell. 

Motec^TeL estimates of human IL-4R expressed in COS cells were also P^;-^**" f^S f Us 
Molecular weigniesBrna qcaVNOT were labeled »wth RS^ysteine methionine and lysed. 

Raji celts, and contained approximately 16 ng.ml of competing activity. 
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Example 13 



.Preparation of monoclonal antibodies to IMR 



30 



Preoarations of purified recombinant IL-4 receptor, for example, human or murine 'L-f I^P**; 

s»f iSiTSZ »^ era ci. B=« ^t^R sr°srrs2 

and«)r affinity chromatography based on bindino of antibody to Protein e. 
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Example 14 



Use of soluble 1L-4R to suppress immune response /nWyg 



to 



IS 



20 



25 



*tt, 0 we. BAUaC mice ..«««d », «» dtT. ^^-"^ 

CS7BL6 ™» »d r'''''"\'rrt.tr-i:isrjns^ "» «' 



fashion relative to control mice 
Claims 
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40 



„J.£nZ> pcoduC fa-ins 11 or p»t of ft. ,d™..y «M c<«*xa«o. ol a n»mm1,«- 11.-4R »«1 
a woloacal aOMly of a mammaHn II-4R of a (lagnurt twreol. 

3.AmA8Milwacc»i«ralDClaliiilor2«Ti*i>any* ol , „«i« 

(a) a CDMA dor. Imn) a nucBota. «q»er«« ifanvM trom ft. eooina two o 

Host^c^. a'v^r Lcording to cUUn, 6 under cond^o- ^-^^^^^^ p^r ce... 

9 A populaflon of eukaryotic cells which express more than 10 surface ^ceptws PJJ"' 
so ,0 Adulation of euiryotic cells according to dalm 9. which express more than 10 surface IW 

'^^^'STa tolrSneous biologically active mammalian IL-4 receptor compositica 

,2 A^JS^SSiSs bioSgicSy active mammaDan IL-4 receptor compos.t.on acco^lmg to claim 11. 
Msnslstina essentially of murine IL-4 receptor, or human IL-4 receptor. 

SOS^Aae ami a «»«n, a»-,^, (KJ »• I.™, i^-" 

Of from 1-8 x lO^M"*. 
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nanomole IL-4-nanomole IL-4 receptor assentiallv of a substantially homogeneous 

compnsing using a composition according to any of claims 11. 12 or 19 to Zi or a recepxor 
anv of claims 13 to 18. 



25 mammal 
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Tr^e use of daim 25. wherein the receptor and the mammal to be treated is a human. 
27 Antibodies immunoreactive with mammalian IL-4 receptors. 

28. A host transfected with a ONA sequence as claimed In any of claims 1 to 5 and/or a vector as 

'^^2? RNTsTbLtialiy complementary to the ONA as earned in -^040.^-^^;^^^ ^ 
30. A fusion protein comprising a polypeptide sequence coupled to a mammalian iL-4 recep 

claimed in any of claims 13 to 18. 

aaims for the following Contracting State: QR 

,. An isolated >3NA s«,uence encoding . mammal^lL^ «~Pto^ 

2 An isolated DNA sequence encoding a polypeptide product of a P™^*^^"^ „^ 
expres^Sn. the product having all or part of the primary structural conformation of a mammalian IL-4R and 
a biological activity of a mammalian IL-4a or a fragment thereof. 

'■t:To^rZT^T^1S:i'^^^ - - codmg region 0. a na«ve 

.r,amma^anJL^g^J^a^fr^-^^^^ to «,e clones of <a) under r^erately atingent 

conditions and which encode biologically active IL-4R or a f'^OmenUhereotot seauences 
(c) a DNA sequence which Is degenerate as a result of the 0«"eJW code to the ONA sequences 
defined in (a) and (b) or a fragment thereof and which sequence which Is 

d A DNA seauence according to any of claims 1 to 3. which encodes an ammo acia sequo 

10 A wulation of eukaryotic cells acconfing to daim 9. which express more than 10 surface IL-4 
receptors per ceil. 
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n A process for the preparation of a homogeneous biologically active mammalian IL-4 receptor 
composition, the process compnsing adding a substance to the IL-4 receptor. . 
12. A process according to claim 1 1 wherein the receptor is essentially murine IL-4 receptor, or human 

'^"^iTa process for the preparation of mammalian IL-4 receptor or analog thereof having sirtjstanbally 
similar biological activity, the process compnsing coupling successive nucleotides together. 

U A Scess according to claim 13 v»herein the receptor is m the fomi of a glycoprotein having a 
molecular weight of between about 110.000 and 150.000 M. by SDS-PAGE and a binding affinity <K„) for 

AlriSs"'al2rti'r^ to claim 13 or 14 wherein the receptor has an N terminal amino acid sequence 
Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trp. 

16 A process according to any of claims 13 to 15 wherein the transmembrane region and cytoplasmic 
domain of the native receptor have been deleted. w„ . on 

17. A process according to any of claims 13 to 16 wherein the receptor is greater <han^out 80 percent 
similar to all or part of the sequence of amino acid residues 1-800 depicted in Figures 4A. arrf 40. 
^ A procMS according to any of claims 13 to 16 wherein the receptor is greater than about 80 percent 

similar to all or part of the sequence of amino acid residues 1-207 depicted in Figure 4A. 

ISA process for the preparation of a phannaceutical composition for regulating immune -Response in a 
mammal, the process comprising admixing an effective amount of a composition prepared in claim 11 or 12 
and-or a receptor prepared in any of claims 13 to 1 8 and a suiteble diluent or earner. 

20. A process according to claim 19 wherein the receptor has a specific binding activity of at least 
about 0.01 nanomole IL-4-nanomole IL-4 receptor. 

21 A pnicess according to claim 19 or 20 wherein the compositon consists essentially o a 
substantially homogeneous protein composition comprising human IL-4 receptor in the form of a 

gXSX h^nS'a binding affinity (K,) for human .L-4 of about 1-8 x ^^'^-r^r" ^J^'T"?J^'"° 
SquenceMe^Lys-Va|.Leu-Gln-Glu.Pro-Thr-Cys-Val-Ser-Asp-Tyr-Me^Ser^^ 

22. A process according to claim 11 or 12 wherein the IL-4 receptor is capable of reteining IL^ hmding 

activity when bound to nitrocellulose. -^^^ thonnf 

23 An assay method for detection of IL-4 or IL-4 receptor molecules or the . interaction thenwf. 
00 comprising using a compositfon prepared in any of claims 11. 12 or 19 to 21 or a receptor as claimed m 

any of claims 13 to 18. „ ^ .^^^^m 

24 A process for the preparation of antibodies immunoreactve with IL-4 receptor, the process 
comprising either (a) culturing a hybridoma cell expressing the antibodies and harvestng the antbodies. or 
(b)han/esting antibodies immunoreactive with IL.4 receptor from an appropriately immunised animal. 

35 25. The use of IL-4 receptor in the preparation of medicament for regulating immune responses in a 

'"^e. The use of claim 25. wherein the IL-4 receptor and the mammal to be treated is a human. 
27. Antibodies immunoreactive with mammalian IL-4 receptors. 

2a A host transfected with a DMA sequence as prepared in any of claims 1 to 5 and/or a vector as 

40 claimed in claim 6. » . • . e 

29 RNA substantially complementary to the DIM as claimed in any of claims 1 to 5. 

30 A process for the preparation of a fusion protein comprising a polypeptide sequence coupled to a 
mammalian IL-4 receptor as claimed in any of claims 13 to 18. Ihe process comprising coupling successive 
nucleotides together. 
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Claims for the following Contracting State: ES 



1 A process lor ttie preparation of an isolated DNA sequence encoding a mammalian IL-4 recoptorjlL- 
4R) or a fragment thereof, comprising coupling successive nucleotides together or ligating ^Q"^^*^- 
so 2 A otocess of the preparation of an isolated ONA sequence encoding a polypeptide product of a 
procaryotic or eucaryotic host expression, the product having all or part of the P^n^ary stru^ 
confomiation of a mammaUan IL-4R and a biological activity of a mammalian IL-4R. or a fragment ttiereof. 
comfwising coupling siaxessive nucleotides togettier or ligating ofigonudeotides. 

3. A process according to dalm 1 or 2 which is any of: . , » .^..^ 

ss (a) a cONA clone having a nucleotide sequence derived from ttie coding region of a native 

mammalian IL-4R gene or a fragment ttiereof; j„„k»i.. ««nnont 

(b) a DNA sequence capable of hybridization to tt» clones of (a) under moderately stongent 
conditions and which encode biologically active IL-4R or a fragment thereof: or 
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' ,c, a DNA sequence .hich .s degenerate as a ..suit of the genetic code » me DNA sequences 
de«ner::a,^(.,^ra.as^ent«,er^^and^^^^^^ 

4. A process according to any of claims « ^ ^^^^J^ ,.207 deoicted m Rgure4A. 
substant^ilysimaartoaHorpartof tt^eseque^^^^ ,3 

5 5. A process accord.ng to any of claims 1 ^'>J;^^^l ^ ~ ,.207 depicted m Figure 4A. 

9. A process for the population of eukaryotic cells v»hich express more uw 
per cell, comprising culturing the cells. receptors per cell. 

lL-4 receptor. ^»«maiian IL^ receDtor or analog thereof having substantially 

„ " «c.*8 „ cMm .3 o, .4 .wa. W» .n N «m;n,l rt» add MW^-yV-- 

about 0.01 nanomolelL-4manomolelL-4 receptor. composition consists essentially of a 

21. A process according to claim 19 or 20 wherein ""'Pf^"'' torn of a 
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amino acids together. 
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R P " 



liuPBL-n 




P R 
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^^n rrr "CG CTT TGC ACC AAG TTC CTG ACC TCT GTG GGC TGT CTG 
^ Ss ?S SJs Phe Leu T^xr Ser Val Gly Cys Leu 

ATT TTG CTG TTG GTG ACT GGA TCT GGG AGC ATC AAG GTC CTG GGT 
iS Su Leu Sal THr Gly Ser Gly Ser lis Lys Val Leu Gly 

GAG CCC ACC TGC TTC TCT GAC 'TAC ATC CGC ACT TCC ACG TGT GAG 
Glu Pro Thr Cys Phe Ser Asp Tyr lie Arg Tlir ser xnr «-ys «j.u 

Trr TTC CTG GAT AGC GCT GTG GAC TGC AGT TCT CAG CTC TGC CTA 
?S Leu sS Ala Val Asp Cys Ser Ser Gin Leu Cys Leu 

s^?-Lis^s^?r.^s^iJS?;^re^ss^nSs?sss 

?fe tS S ^r ?S fa? 5S S5 . 

iTG «T MS CCS GTC CAR TCA SAC ISA TAC CM ATG GAA CTO TGG 

^ ^ ^, ?S val Gin set A3p Ar, Tyr Gin Met Glu Leu Trp 
'Si'^f^,^ ^ '^l ^ S tf. m 

Z ^, 111 ^To ^ ^ SS S5 ?S 
Sfn ?^ ?S SJ? S5 ?S If. 

§is ^ s fe? f.^ s iT, s s m 

GTC TAC TAT ACS GOG CGT GTG MG GTC AGA TCC CAG ATA CTC ACT 

Val Tyr Tyr Thr Ala Arg vai Arg vax Aty 

GGC ACC TGG AGT GAG TGG AGT CCT AGC ATC ^G TGG TAC ^C CAC 
Gly Thr Trp Ser Glu Trp Ser Pro Ser He Thr Trp Tyr Asn tiis 

TTC CAG CTG CCC CTG ATA CAG CGC CTT CCA CTG GGG GTC ACC ATC 
III Gin Leu Pro Leu He Gin Arg T , m Pm LPH fi1 . Y ^m^ TTlf He 

TCC TGC CTC TGC ATC CCG TTG^ TTT TGC CTG TTC TGT TAC TTC AGC 

ATT ACC AAG ATT AAG AAG ATA TGG TGG GAC CAG ATT CCC ACC CCA 
Thr lie Lys Lys lie Trp Trp Asp Gin He Pro Thr Pro 



-31 
-11 

15 
5 

60 
20 

105 
35 

150 
SO 

195 
65 

240 
80 

285 
95 

330 
110 

375 
125 

420 
140 

465 
155 

510 
170 

555 
185 

• 600 ■ 
200 

645 
215 

690 
230 

735 
245 
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vrrsmrf. 2B 

GCA CGC AGT CCC TTG GTG GCC ATC ATC ATT CAG GAT GCA CAG GTG 780 

Ala Arg Ser Pro Leu Val Ala He He He Gin Asp Ala Gin Val 2 6U 

CCC CTC TGG GAT AAG CAG ACC CGA AGC CAG GAG TCA ACC AAG TAG 825 

So 2u tS I.ys Gin Thr Arg Ser Gin Glu Ser Thr Lys Tyr 275 

CCG CAC TGG AAA ACT TGT CTA GAC AAG CTG CTG CCT TGC TTG CTG 870 

Pro His Trp Lys Thr Cys Leu Asp Lys Leu Leu Pro Cys Leu Leu 290 

AAG CAC AGA 6TA AAG AAG AAG ACA GAC TTC CCG AAG GCT. GCC CCA 915 

Lys His Arg val Lys Lys Lys Thr Asp Phe Pro Lys Ala Ala Pro 305 

ACC AAG TCT CTC CAG AGT CCT GGA AAG GCA GGC TGG TGT CCC ATG 960 

Sr Lys ser Leu Gin Ser Pro Gly Lys Ala- Gly Trp Cys Pro Met 320 

GAG GTC AGC AGG ACC GTC CTC TGG CCA GAG AAT GTT AGT GTC AGT 1005 

Glu val ser Arg Thr Val Leu Trp Pro Glu Asn Val Ser Val Ser 335 

GTG GTG CGC TGT ATG GAG CTG TTT GAG GCC CCA GTA CAG AAT GTG 1050 



5al yS kJg Ss Si? gIS lSu ;h; m pro val Gin Asn Val 

GAG GAG GAA 6AA GAT GAG ATA GTC AAA GAG GAC CTG AGC ATG TCA 1095 

Su Glu Lp Glu lie val Lys Glu Asp Leu Ser Met Ser 365 

CCT GAG AAC AGC GGA GGC TGC GGC TTC CAG GAG aGC CAG GCA GAC 1140 

?S Su ^n ser Gly Gly Cys Gly Phe Gin Glu Ser Gin Ala Asp 380 

ATC ATG GCT CGG CTC ACT GAG AAC CTG TTT TCC GAC TTG TTG GAG 1185 

ill Met Ala- Arg Leu Thr Glu Asn Leu Phe Ser Asp Leu Leu Glu 395 

GCT GAG AAT GGG GGC CTT GGC CAG TCA GCC TTG GCA GAG TCA TGC 1230 

Ala Glu Asn Gly Gly Leu Gly Gin Ser Ala Leu Ala Glu Ser Cys 4iu 

TCC CCT CTG CCT TCA GGA AGT GGG CAG GCT TCT GTA TCC TGG GCC 1275 

ser pro Leu Pro Ser Gly Ser Gly Gin Ala Ser Val Ser Trp Ala 425 

TGC CTC CCC ATG GGG CCC AGT GAG GAG GCC ACA TGC CAG GTC ACA 1320 

Ss III Pro ^ fly Pro Ser Glu Glu Ala Thr Cys Gin Val Thr 440 

GAG CAG CCT TCA CAC CCA GGC CCT CTT TCA GGC AGC CCA GCC CAG 1365 

^ Pro ser His Pro Gly Pro Leu Ser Gly Ser Pro Ala Gin 455 

arT rCA CCT ACT CTG GCT TGC ACG CAG GTC CCA CTT GTC CTT GCA 1410 

^ Pro LeS aL Cys Thr Gin Val Pro Leu Val Leu Ala - 470 

GAC AAT CCT GCC TAC CGG AGT TTT AGT GAC TGC TGT AGC CCG GCC 1455 

ASP Asn Pro Ala Tyr Arg Ser Phe Ser Asp Cys Cys Ser Pro Ala 485 

CCA AAT CCT GGA GAG CTG GCT CCA GAG CAG CAG CAG GCT GAT CAT 1500 

Pro Asn Pro Gly Glu Leu Ala Pro Glu Gin Gin Gin Ala Asp His 500 

CTG GAA GAA GAG GA^ CCT CCA AGC CCG GCT GKC CCC CAT TCT TCA 1545 

Leu Glu Glu Glu Glu Pro Pro Ser Pro Ala Asp Pro His Ser ser aio 
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GGG CCA CCA ATG CAG CCA GTG GAG AGC TGG GAG CAG ATC CTT CAC 1590 
Gly Pro Pro Met Gin Pro Val Glu Ser Trp Glu Gin He Leu Hxs bJU 

ATG AGT GTC CTG CAG CAT GGG GCA GCT GCT GGC TCC ACC CCA GCC 1635 
Me? six val Leu Gin His Gly Ala Ala Ala Gly Ser Thr Pro Ala 545 

CCT GCC GGT GGC TAC CAG GAG TTT GTG CAG GCA GTG AAG CAG GGT 1680 
pro Ala Gly Gly Tyr Gin Glu Phe Val Gin Ala Val Lys Gin Gly 560 

GCC GCC CAG GAT CCT GGG GTG CCT GGT GTC AGG CCT TCT GGA GAC 1725 
Ala Ala Gin Asp Pro Gly Val Pro Gly Val Arg Pro Ser Gly Asp 575 

CCC GGT TAC AAG GCC TTC TCG AGC CTG CTC AGC AGC AAT GGC ATC 1770 
Pro Gly Tyr Lys Ala Phe Ser Ser Leu Leu" Ser Ser Asn Gly He 590 

CGC GGG GAC ACA GCA GCA GCG GGG ACT GAC GAT GGG CAT GGA GGC 1815 
Arg Gly Asp Thr Ala Ala Ala Gly Thr Asp Asp Gly Hxs Gly Gly 605 

TAC AAG CCC TTC CAG AAT CCT GTT CCT AAC CAG TCC CCT AGC TCC i860 
Tyr Lys Pro Phe Gin Asn Pro Val Pro Asn Gin Ser Pro Ser Ser 620 

GTG CCC TTA TTT ACT TTC GGA CTA GAC ACG GAG CTG TCA CCC AGT 1905 
vll pSo llu Phe Thr Phe Gly Leu Asp Thr Glu Leu Ser Pro Ser 635 

CCT CTG AAC TCA GAC CCA CCC AAA AGC CCC CCA GAA TGC CTT GGT 1950 
Iro Leu ^n Ser Asp Pro Pro Lys Ser Pro Pro Glu Cys Leu Gly 650 

CTG GAG CTG GGG CTC AAA GGA GGT GAC TGG GTG AAG GCC CCT CCT 1995 
III Glu Leu Gly Leu Lys Gly Gly Asp Trp Val Lys Ala Pro Pro 665 

CCT GCA GAT GAG GTG CCC AAG CCC TTT GGG GAT GAC CTG GGC TTT 2040 
Pro Ala ASP Glu val Pro Lys Pro Phe Gly Asp Asp Leu Gly Phe 680 

GGT ATT GTG TAC TCG TCC CTC ACT TGC CAC TTG TGT GGC CAC CTG 2085 
gS Se vll Tyr Sr Ser Leu Thr Cys His Leu Cys Gly Hxs Leu 695 

AAG CAA CAC CAC AGC CAG GAG GAA GGT GGC CAG AGC CCC ATC GTT 2130 
Gin His Ss ser Gin Glu Glu Gly Gly Gin Ser Pro He Val 710 

GCT AGC CCT GGC TGT GGC TGC TGC TAC GAT GAC AGA TCA CCA TCC 2175 
Ala ser Pro Gly Cys Gly Cys Cys Tyr Asp Asp Arg Ser Pro Ser 7Z5 

CTG GGG AGC CTC TCG GGG GCC TTG GAA AGC TGT CCT GAG GGA ATA 2220 
Leu Gly ser Leu Ser Gly Ala Leu Glu Ser Cys Pro Glu Gly He 740 

CCA CCA GAA GCC AAC CTC ATG. TCA GCA CCC AAG ACA CCC TCA AAC 2265 
Pro Pro Glu Ala Asn Leu Met Ser Ala Pro Lys Thr Pro Ser Asn 753 

TTG TCA GGG GAG GGC AAG GGC CCT GGT CAC TCT CCT GTT CCC AGC 2310 
Leu ser Gly Glu Gly Lys Gly Pro 'Gly His Ser Pro Val Pro Ser 770 

CAG ACG ACC GAG GTG CCT GTG GGC GCC CTG GGC ATT GCT GTT TCT 2355 
Gin Thr Thr Glu Val Pro Val Gly Ala Leu Gly He Ala Val Ser 785 
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m ?s III III m III ?s SI? Ill ifs III 

Zl ^l SS IT. Ill ITr m ^l ^ f.l III III 

GAG CCC ACC TGC GTC TCC GAC TAG ATG AGC ATC TCT ACT TGC GAG 
Glu Pro Thr Cys Val Ser Asp Tyr Met Ser He Ser Thr cys gj.u 

TGG AAG ATG AAT GGT CCC ACC AAT TGC AGC ^C GAG CTC CGC CTG 
Trp Lys Met Asn Gly Pro Thr han Cys Ser Thr Glu Leu Arg Leu 

ir„ ss ?s ?s ss S5 iis. s ?s ?n 

?;l IS i?5 St SJS SJ? 

GAT GAC GTG GTC AGT GCG GAT AAC TAT ACA CTG GAC CTG TGG GCT 
ASP Sp val vLl ser Ala Asp Asn Tyr Thr Leu Asp Leu Trp Ala 

GGG CAG CAG CTG CTG TGG AAG GGC TCC TTC AAG CCC AGC GAG CAT 
GlJ Gin Gin Leu Leu Trp Lys Gly Ser Phe Lys Pro Ser Glu His 

5^ III s i?. i?? ^ ?s 511 vr. 

Ill z ?s s ^ 1% 

^ IS ss ?n 

IS f.^ JOS I" ir. ^v, 

S5 ^ - 1% - - - - 
?s 5- ir. ?s ts? IS ?s ?s 

AGG GAG CCC TTC GAG CAG CAC CTC CTG CTG GGC GTC AG C GTT TCC 
Arg Glu Pro Phe Glu Gin fiis T . m T.fn T.m GlY Vf^l f^Pr Vnl Ser 

TGC ATT GTC ATC CTG GCC GTC TGC CTG TTG TGC TAT GTC AGC ATC 



-31 
-11 

15 
5 

60 
20 

105 
35 

150 
50 

195 
65 

240 
80 

285 
95 

330 
110 

375 
125 

420 
140 

465 
155 

510 
170 

555 
185 

600 
200 

645 
215 

690 
230 



735 
245 



EP 0 367 566 A1 



vrarns 4B 




CGC AGC CGC CTC GTG GCT ATA ATA ATC CAG GAT GCT CAG GGG TCA 780 

Arg Ser Arg Leu Val Ala lie lie He Gin Asp Ala Gin Gly Ser 260 

CAG TGG GAG AAfi CGG TCC CGA GGC CAG GAA CCA GCC AAG TGC CCA 825 

Gin Trp Giu Lys Arg Ser Arg Gly Gin Glu Pro Ala Lys Cys Pro 275 

CAC TGG AAG AAT TGT CTT ACC AAG CTC TTG CCC TGT TTT CTG GAG 870 

His Trp Lys Asn Cys Leu Thr Lys Leu Leu Pro Cys Phe Leu Glu 290 

CAC AAC ATG AAA A6G GAT GAA GAT CCT CAC AAG GCT GCC AAA GAG 915 

His Asn Met Lys Arg Asp Glu Asp Pro His Lys Ala Ala Lys Glu 303 

ATG CCT TTC CAG GGC TCT GGA AAA TCA GCA. TGG TGC CCA GTG GAG 960 

Met Pro Phe Gin Gly Ser Gly Lys Ser Ala Trp Cys Pro Val Glu 320 

ATC AGC AAG ACA GTC CTC TGG CCA GAG AGC ATC AGC GTG GTG CGA 1005 

He Ser Lys Thr Val Leu Trp Pro Glu Ser He Ser Val Val Arg 335 

TGT GTG GAG TTG TTT GAG GCC CCG GTG GAG TGT GAG GAG GAG GAG 1050 

Cys Val Glu Leu Phe Glu Ala Pro Val Glu Cys Glu Glu Glu Glu 350 

GAG GTA GAG GAA GAA AAA GGG AGC TTC TGT GCA TCG CCT GAG AGC 1095 

Glu Val Glu Glu Glu Lys Gly Ser Phe Cys Ala Ser Pro Glu Ser 365 

AGC AGG GAT GAC TTC CAG GAG GGA AGG GAG GGC ATT GTG GCC CGG 1140 

Ser Arg Asp Asp Phe Gin Glu Gly Arg Glu Gly He Val Ala Arg 380 

CTA ACA GAG AGC CTG TTC CTG GAC CTG CTC GGA GAG GAG AAT GGG 1185 

Leu Thr Glu Ser Leu Phe Leu Asp Leu Leu Gly Glu Glu Asn Gly 395 

GGC TTT TGC CAG CAG GAC ATG GGG GAG TCA TGC CTT CTT CCA CCT 1230 

Gly Phe Cys Gin Gin Asp Met Gly Glu Ser Cys Leu Leu Pro Pro 410 

TCG GGA AGT ACG AGT GCT CAC ATG CCC TGG GAT GAG TTC CCA AGT 1275 

Ser Gly Ser Thr Ser Ala His Met Pro Trp Asp Glu Phe Pro Ser 425 

GCA GGG CCC AAG GAG GCA CCT CCC TGG GGC AAG GAG CAG CCT CTC 1320 

Ala Gly Pro Lys Glu Ala Pro Pro Trp Gly Lys Glu Gin Pro Leu 440 

CAC CTG GAG CCA AGT CCT CCT GCC AGC CCG ACC CAG AGT CCA GAC 1365 

His Leu Glu Pro Ser Pro Pro Ala Ser Pro Thr Gin Ser Pro Asp 455 . 

AAC CTG ACT TGC ACA GAG ACG CCC CTC GTC ATC GCA GGC AAC CCT 1410 

Asn Leu Thr Cys Thr Glu Thr Pro Leu Val He Ala Gly Asn Pro 470 

GCT TAC CGC AGC TTC AGC AAC TCC CTG AGC CAG TCA CCG TGT CCC 1455 

Ala Tyr Arg Ser Phe Ser Asn Ser Leu Ser Gin Ser Pro Cys Pro 485 

AGA GAG CTG GGT CCA GAC CCA CTG CTG GCC AGA CAC CTG GAG GAA 1500 

Arg Glu Leu Gly Pro Asp Pro Leu Leu Ala Arg His Leu Glu Glu 500 

GTA GAA CCC GAG ATG CCC TGT GTC CCC CAG CTC TCT GAG CCA ACC 1545 
Val Glu Pro Glu Met Pro Cys Val Pro Gin Leu Ser Glu Pro Thr 515 
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ACT GTG CCC CAA CCT GAG CCA GAA ACQ TGG GAG GAG ATC CTC CGC 1590 

Thr vll Pro Gin Pro Glu Pro Glu Thr Trp Glu Gin He Leu Arg 530 

CGA AAT GTC CTC CAG CAT GGG GCA GCT GCA GCC CCC GTC TCG GCC 1635 

Arg Asn Val Leu Gin His Gly Ala Ala Ala Ala Pro Val Ser Ala 545 

CCC ACC AGT GGC TAT CAG GAG TTT GTA CAT GCG GTG GAG CAG GGT 1680 

;ro Thr ser Gly Tyr Gin Glu Phe Val His Ala Val Glu Gin Gly 560 

GGC ACC CAG GCC AGT GCG GTG GTG GGC TTG GGT CCC CCA GGA GAG 1725 

6?y ?£r Sn Ala Ser Ala Val Val Gly Leu Gly Pro Pro Gly Glu 575 

GCT GGT TAC AAG GCC TTC TCA AGC CTG CTT GCC AGC AGT GCT GTG 1770 



GCT GGT TAU AAVJ va«-«- xxv *w« «ww w--^ 

Ala Gly Tyr Lys Ala Phe Ser Ser Leu Leu Ala Ser Ser Aia vai 

TCC CCA GAG AAA TGT GGG TTT GGG GCT AGC AGT GGG GAA GAG GGG 1815 
ser Pro Glu Lys Cys Gly Phe Gly Ala Ser Ser Gly Glu Glu Gly 605 

TAT AAG CCT TTC CAA GAC CTC ATT CCT GGC TGC CCT GGG GAC CCT 1860 
Tyr Lys Pro Phe Gin Asp Leu He Pro Gly Cys Pro Gly Asp Pro 620 

GCC CCA GTC CCT GTC CCC TTG TTC ACC TTT GGA CTG GAC AGG GAG 1905 
Sa p5o vll Pro val Pro Leu Phe -Thr Phe Gly Leu Asp Arg Glu 635 

ill 17. 1?^ If. If. ITr ?rl tf. til "sIS 

ir. i!j its ill m lis its iii 

- IT. "p - - - - 

J- ^ IV. if. ^r. ^ s=. ir. 'in 

I- iS IS ^ ^ ^ SI SI if. - - - - - - 

ACC CCT GTC ATG GCC AGT CCT TGC TGT GGC TGC TGC TGT GGA GAC 2175 
tS So 5al Met Ala Ser Pro Cys Cys Gly Cys Cys Cys Gly Asp 725 

AGG TCC TCG CCC CCT ACA ACC CCC CTG AGG GCC CCA GAC CCC TCT 2220 
Arg Ser Ser Pro Pro Thr Thr Pro Leu Arg Ala Pro Asp Pro Ser .74U 

CCA GGT GGG GTT CCA CTG GAG GCC AGT CTG TGT CCG GCC TCC CTG 2265 
Pro Gly Gly Val Pro Leu Glu Ala Ser Leu Cys Pro Ala Ser Leu 755 

GCA CCC TCG GGC A^C TCA GAG AAG AGT AAA TCC TCA TCA TCC TTC 2310 
Ala Pro Ser Gly He Ser Glu Lys ' Ser Lys Ser Ser Ser Ser Phe 7 /o 

SI if. fil Z^i^l &l 2? IT. ^ Ifo ^, 'fd 

^ ■z z IS is ifo ?S S2 ^ f^l I« '"oS 
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